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“In the West Atlantic, and pa.rt,icula.rli7 between the
Bermudas and the Azores, it was possible to trace all
the charts with precision, thanks to the complementary
information which we received. The mean number of
observations received daily was more than 10. For
some days, which coincided with the passing of a very
strong tempest in the North Atlantic, we received an
average of 20 simultaneous observations from ships.

The record was reached on the 22d of Feburary at .

1 p. m., with 30 simultaneous observations.

‘In the East Atlantic, where the radio traffic is very
intense, as usual, we received only one rather feeble
mean of observations of ships, but thanks to the message
received from the Eiffel Tower, and to our communica~
tions with the steamers of the line from New York, the
tracing of the charts was not less precise. We retrans-
mitte(% to the Office National Météorologique the observa-
tions of the steamship France; those of the Lafayette,
bound to the southwest of Spain toward the Azores,
and finally those of the steamsﬁip Paris, bound for New
York. As soon as this ship lost direct contact with
Brest, we took charge of the retransmission of the
messages. Two appointments were made a day for this
purpose, and the observations of the Paris were retrans-
mitted to the Office National Météorologique with ours
immediately afterwards.

“The Weather Bureau is disposed to maintain this
service of retransmission by the ‘‘Angot’’ message; it
wishes only when the Jacques Cartier 1s on the sea, to
receive our observations, too. These will be added by
the Office National Météorologique to the European
messages of ‘‘Lyon-Annapolis.”” We are favorable to
this idea, which would make the Jacques Cartier play a
true role of ‘‘meteorological cruiser” and centralization
station. There would also be a chance to suthorize us to
transmit clearly the positions of the centers of depression.
information which would be exchanged between the two
meteorological services via Annapolis-Liyon.

CONCLUSION.

“We believe we can affirm that from the point of view
of receipt, as well as of transmissions and retransmissions,
we have obtained in the course of the voyage of January
and February, 1923, results which are incomparably
superior to all preceding ones. Mr. Bowie showed great
astonishment at the results obtained. He declared to
us that he had never had an idea of the precision with
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which one could follow the evolution of meteorological
phenomena and forecast their effects, while crossing the
ocean. We believe that from the moment the United

States has verified this success officially, the Office

National Météorologique will leave no stone unturned to

keep up the present organization of the J Cartier,
which on this voyage exceeded all hopes. o will close

by citing the number of meteorological messages which
were received by the two operators of the Jac
Cartier, and the number of telegrams of information,
general or particular, which were sent. The first number
1s 500 messages received; the second, 140 messages sent.
Finally, we will remark that the results obtained are
largely due to the regularity of the radio service and the
precision with which the messages are received. The
two radiotelegraphers are at present giving us incom-
parable service, and the training of other operators for
this work would seriously upset the enterprises by dis-
sipating our energy for an undetermined period of time.
e are therefore of the opinion that it is indispensable

to grant to these officers a special indemnity in keep:
with the services which they render to the Office Natioﬁ
Météorologique and to Atlantic meteorology.”

The single example of the weather information broad-
cast by the Jacques Cartier here given will convey an ex-
cellent idea of ghe scope of the meteorological activities
of that vessel:

BRroapcasT—MARCH 20rH—GREENWICH NOON.

Meteo. Jacques Cartier to all ships: North Atlantic weather situaiion
March 20th, Greenwich noon.—Pressure is high over porthwestcrn
Europe 30.36: also from Bermuda to Azores and northward also over
American Atlantic States. Trough of low pressure extending from
Iceland (29.60) southeastward to Gibralter (29.50). Disturbance of
great intensity (23.00) over Newfoundland moving east-northeastward.

Forecasts.—Track, Azores to Gibralter—unsettled weather eastern
portion—northerly fresh winds, squally weather and overcast weather
western portion. Stop. Tracks, Azores to English Channel—over-
cast weather and moderate easterly winds eastern portion—fresh or
strong northerly winds and squally weather western portion. Stop
Arzores region—fresh northerly winds moderating to-day and shifting
to southeast and south to-morrow—overcast weather gecomi fair.
Track, Azores to Bermuda—Moderating northerly winds and fair
weather between longitudes 30° and 42°. Southerly increasing winds
slllilfting to southwest west of 42; weather becoming overcast and prob-
ably rainy.

Advisory for westhound ships over transatlantic tracks west of Ire-
land to south of Grand Banks: Disturbance of great intensity (29.00)
over Newfoundland moving toward Iceland will be attended by strong
shiftin$ winds to-day and to-night hetween longitudes 35° & 55° fol-
lowed by fresh or strong northex?ly winds. Winds will shift to-morrow
morning between 40° & 50°.

CONCERNING THE ACCURACY OF FREE=AIR PRESSURE MAPS.!
By C. L Roy MEeisiNGER, Meteorologist.
[ Weather Bureau, Washington, D. C., April I, 1923.]

INTRODUCTION.

The mecessity for knowing the accuracy of the charts.—
The computation of barometric pressure at free-air
levels is a purely mechanical operation after one has
constructed the necessary tables; but the verification of
the results of such computations is a much more difficult
matter, since a rigidly accurate standard of comparison
does not exist. It is true that free-air pressures and
temperatures are measured by means of kites, and wind
velocities by pilot balloons, but these measures are, for
one reason or another, frequently not comparable with
the results of computation.

Experience has demonstrated that maps depicting the
barometric distributions at free-air levels are often con-

1; Ii‘r.e-senfad hefore the American Meteorological Soclety, at Washington, D.C., Apr.
, 1923.

siderably at variance with those representing sea-level
conditions. If these differences are real, it is reasonable
to suppose that they are physically significant, and one
may hope to learn by study and experience what the
significance is. On_the other hand, if they are false, one
may be seriously misled in attempting to interpret them.
Therefore, if we are to have confidence in these charts,
it is imperative that we ascertain, in every possible way,
the degree of accuracy that may be expected of them.
This is the purpose of the present inquiry. '
The maps upon which the inquiry 18 based.—The maps
examined in the preparation of this paper were con-
structed daily during the months of December, 1922, and
January and February, 1923, from postcard reports
mailed to the Central Office of the Weather Bureau at
Washington, from 29 Weather Bureau stations in the
central and eastern United States. Under the authority
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of Weather Bureau Circular, dated November 20, 1922,
these stations were supplied with the necessary reduction
tables and instructions for reducing barometric pressure
to the levels of 3,281 feet (1 kilometer) and 6,562 feet
(2 kilometers) above sea-level.?

The method by means of which the reduction tables
were constructed has been completely set forth in
MonTuLY WEATHER REVIEW SuppLEMENT No. 21,5 and
will not be discussed here.

The postcard reporting was discontinued at the end of
February in order that time might be afforded for a
complete and careful study of the results. It was
believed that if these months—the season of the weather’s
most annoying caprices—should yield results of value,
even brighter should be the prospects during less active
seasons.

COMPARISONS OF OBSERVED AND COMPUTED PRESSURES.

The problem of obiaining comparable data.—In seekin
to arrive at an estimate of the accuracy of the results o
computation, one of the most obvious methods is to
compare the computed pressure (based upon surface
observations) with that reduced from the record of the
kite meteorograph. At first sight, this seems a direct
and simple comparison, but, in truth, it is neither direct
nor simple; for, between the vibrant pen of the meteoro-
graph, tracing its record among the clouds, and the
columns of cold figures whence the residuals are derived,
is a tedious series of computations, interpolations, and
extrapolations. This is no fault of the methods of
aerological reduction, for these complexities arise natu-
rally through the character of the recorded data and in
the reduction of the kite observation to the epoch of the
computation. The chief difficulty lies in knowing the
magnitude of the effect of pressure and temperature
variations hetween the time of computation and the
time when the kite attained the level in question.

However, the values of barometric pressure corre-
sponding to 8 a. m., 75th meridian time, have been pre-

ared with serupulous care by members of the Aerological
ivision of the Weather Bureau and subjected not
infrequently to review and check.

Frequency distributions of residuals.—During the three
months, there was made at the six aerological stations of
the Weather Bureau, a total of 251 kite flights yielding
pressure values for the two selected levels suitable for
comparison with computation. After rendering these
vhlues as nearly as possible representative of 8 a. m.
(75th meridian time) conditions, they were compared with
the computed values, and the difference was regarded as
negative in sign when the computed pressure was less
than the observed, and positive when the computed

ressure was greater. Classifying these residuals by
undredths of an inch, frequency distributions have been
obtained. Figure 1 contains curves of the frequencies
of errors of the several magnitudes for the two levels
separately and combined, using data from all the sta-
tions. o principal features of these curves are:

? Another regrettable example of the confusion arising from the use of two systems
of units is found here. The original papers, in which the method of making these free-
air maps was described, employed metric units exclusively, because the aerological data,
which were fundamental to the study, were thus tabulated. When it became necessar
to make the n?pllcation of the method at the regular stations of the Weather Bureauy, it
was desirable to render the maps in English units, both because of the familiarity of the
observers with these units, and because of the necessity of having the maps readily
comparable with the sea-level map. Consequently, in this {Japer, it has been decided
to use the English units primarily, giving the metric equivalents in parentheses.

* Meisinger, C. Le Roy: The preparation and significance of free-air pressure maps Kﬂr
the central and eastern Uniled States. Washington, 1922. An extended abstract of this
SS%I:P“EEHENT appears under the same title in Mo. WEATHER REV., Sept., 1922, 50:
L .
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(1) For the 3281-foot level, there are no errors in
excess of 0.1 inch. The mode of the curve is at the
zero class, but the curve is slightly as etrical, show-
ing a larger number of negative residuals than positive.

(2) For the 6,562-foot level, the range of error is some-
what less than twice that of the lower level. This is to be
expected from the nature of the hypsometric equation,
in which the length of the reduction column is an impor-

. tant term. Other conditions being equal, a given error in

the mean temperature of the air column will produce, in
the United States east of the 100th meridian where the
longer air column is nearly twice that of the shorter, an
error in pressure at the upper level nearly twice the
magnitude of that at the lower level.

The curve is nearly symmetrical, but has its mode in
the —0.03 class. From this it would appear that, during
the period of the observations, the temperature argu-
ments should have been, in general, somewhat higher.
This would not decrease the number of large residuals
but would simply shift the curve to the right. A large
number of these negative residuals was contributed by
the comparisons of data from Due West, S. C. This
station has been established since the method for com-
puting was devised and, as a consequence, none of its
data has contributed to the original investigation.
The comparisons for Due West are, therefore, on a some-
what different footing, as will be explained later.

(3) When the residuals for the fwo levels are combined,
the curve has its mode practically in the zero class but is
somewhat skew, with an excess of negative values.
This curve, which is simply the sum of the two mentioned
above, derives its characteristics very obviously from the
features of its components.

Individual station histograms.—Since it appears that
more is to be learned through dividing the data into
groups than by studying them en masse, it is desirable
to subdivide the curves of figure 1 into separate station
groups. When thus subdivided, the number of observa-
tions becomes too small to subject to statistical investi-
gation. Indeed, it has been deemed advisable to present
I the station histograms only the combined residuals
from both levels. These histograms are given in figure 2.

In spite of the {)aucity of data, there is a certain ob-
vious Feogmphica influence operative in the distribu-
tion of residuals in the sever:H diagrams. Stations in
lower latitudes show extremes larger on the negative
side than do the northern stations. Drexel, Nebr., with
its large number of observations, shows an almost
sKmmetricM distribution; Ellendale, N. Dak., shows
the largest positive residuals; and Groesbeck, Tex., the
most southerly of the stations, the largest negative
errors. Owing to the unique characteristics of Due
West, S. C., explained above, we may, for the moment,
disregard its histogram.

Wﬁy should the southern stations yield a larger num-
ber of negative residuals than the northern? It is true
that in the original study, the number of available kite
observations which could be utilized for formulating the
reduction method was greatest from Drexel and Ellen-
dale; but, if the negative tendency at Groesbeck, for
instance, were the result of nothing other than poor
estimates of the mean temperature of the air column, one
should expect that the distribution of errors, however
wide, should follow the Gaussian law. The cause seems
to lie rather in the geographical and seasonal character-
istics of temperature at the particular stations.



192

Since negative errors in the mean temperature of the
air column are productive of negative errors in reduced
pressure, it appears that the southern stations must
possess characteristics that will produce such negative
errors occasionally and more frequently than northern
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the other winds, except west, and one with a calm.
The largest residual, —0.18 inch, occurred with a south-
west surface wind. An investigation of the vertical
temperature gradient as observed at Groesbeck by kites
on the morning of January 10, 1923, the date of this large

stations. Such errors may result from: (1) An under- discrepancy, reveals an inversion of extraordinary
estimation of the difference between the surface temper- magnitude. The barometric situation at the surface
ature and the mean temperature of the air column; or, showed high pressure to the south of the station. The
(2) a surface temperature that is abnormally low owing weather was clear and the surface winds light. At the
54
52
50
48 A
46
\
44
\ BOTH LEVELS
\
o NN
N
38
36
N
34 W% N\
L N \
7] }\
kT A
[T
O30
© NS N]
cl:_ﬁ' 28 NN g i
= N 3281-FOOT LEVEL
=126 S % \ {t km)
24 ¢
29 N N
22 NN
20 N N
18 \l\ >)ﬂ/‘ N
NN 2y
16 \ [ N
ia > | 6562-FOOT LEVEL
Q (2 xm)
12
8 ]
G .
4l LN SRS A STy SO
iP5z s = ‘ Ay

—~
.20.19,18.17.16.15.14.13.12.11.10.09.08.07.06.05 D4.03.02.0|/00£1.02 03.04.05.06.07.08.09.10.11.12.13,14.15.16.17..18.19.20
~— /

\

A

+

F16. 1.—Frequency distributions of differences between obsarved and computed free-air pressures for the 3,281-foot level and 6,562-foot level, and for both levels combined. Data
obtained from the six aerclogical stations of the Weather Bureau during the winter months of 1922-23.

to radiation conditions; local conditions, such as expo-
sure of thermometers; or thermal peculiarities associated
with particular wind directions.

For instance, consider Groesbeck (which yielded the
largest number of large negative residuals) in the light
of the surface wind direction current at the time of the
reduction. Of the 17 cases of residuals at the 6,562-foot
(2 kilometer) level of —~0.1 inch or greater, 6 occurred
with southwest winds, 5 with south winds, one each with

inversion level, the wind was west-southwest and of
greater speed. Surface temperature measured simul-
taneously at Palestine, Tex., the nearest station reportin,

daily to Washington, was 46° F., as compared with 38° I
at Groesbeck. e exposure of thermometers at Groes-
beck is 11 feet above the ground, while at Palestine these
instruments are on a roo? 64 feet above ground. These
temperatures indicate, therefore, that the low pressure
computed for the upper level was not so much the result
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of warm air introduced at and above the inversion level
as of an unusual cooling at the surface, probably through
nocturnal radiation. The full effect o}) this radiational
cooling was registered by thermometers so near the
surface.

In Table 1 have been classified the data similar to
those given above for each of the 17 cases of large dis-
crepancies at Groesbeck.

TaBLe 1.—Temperature and wind conditions at Groesbeck, Tex., upon the
occastons of the 17 largest negative errors of computation.

Mean temperature of . .

air column. Surface wind. |Difference
hetween
Date. Error, Palestine
Ob- | Com- | Dif- | Direc- | Veloc. [P 3r08s-

served.| puted. |ference.| tion. ity. .

°F. °F. °F. Mph| °F
47 37 —10 { n. 22 +3
44 31 —13 | e. 5 +5
50 38 —12 | sw. 7 +7
56 42 —14 | s, 3 +8
54 41 —13 | s. 8 +9
50 42 — 8| sw. 12 +1
51 39 —12 | ne. 7 +3
60 50 —10 | sw. 12 +3
55 43 =12 | ealm. |[........ +7
55 38 —17 | sw. 11 +8
61 51 —10 | sw. 16 +1
51 42 —9s. +4
47 37 —10 | s, 10 -2
54 45 — 9] se, 7 +3
37 28 — 9| nw 9 +1
44 35 —9is 8 +3
50 40 —10 | sw 3 +35

1 Positive sign (+4) indicates higher temperature at Palestine than at Groesbeck.
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F16. 3.— Eecimeus of vertical temperature curves determined bygmeans of kites at sev-
eral of the aerological stations. (a) Groesbeck, Tex., December15, 1622; pressure error
at upper level, —0.15 inch; surface wind, north. (&) Groesbeck, Tex., December 20,
19227 gll:essure error at up{zer level, —0.15 inch; surface wind,jsoutheast. (c) Groes-
beck, Tex., December 25, 1922; pressure error at upper level, —0.16 inch; surface wind,
east-southeast. (d) Drexel, Nebr., January 20 ; pressure error at upper level,
—0.15 inch; surface wind, west-northwest. “(e) hllgndale, N. Dak., January 20, 1923;
pressure error at upper level, 4-0.13 inch; surface wind, northwest.

Figure 3 (a), (b), and (c), shows a group of vertical
temperature curves as determined at Groesbeck on the
ascent of the kite, selected from among the dates in
Table 1. These show clearly the marked nature of the
temperature inversions which were responsible for the
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large pressure residuals. Southerly stations, such as
Groesbeck, do not show, on the average, a marked
tendency toward inversions of temperature. When such
exceptional cases do occur, it is clear that abnormally
}31' e errors will be produced in the computed pressure
loit.

At northern stations, such as Ellendale, in winter, the
inversion is a relatively constant condition in the morning
hours, and the method employed in reducing pressure
allows for this more adequately as a consequence. At
this station, for example, there were only three cases of
errors greater than 0.1 inch, two of which were positive
and one negative. The two positive cases indicate that
a greater inversion was allowed for than actually
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Fi16. 4.—Curves for the two levels separately and emmbined, showing the percentage of
errors of computed pressure of given magoitudes or smaller.

occurred. (See fig. 3 (6).) One case of a marked in-
version at Drexel is shown in figure 3 (d). Drexel’s
large number of observations and symmetrical distribu-
tion of residuals, as well as its geographical situation,
serve to ﬁroduce the most satisfactory of all the histo-
grams. Broken Arrow and Royal Center afford too few
comga.risons to justify reliable conclusions.

The outstanding feature of the Due West histogram is
its tendency for negative residuals throughout. (Fig.
2.) It yielded the largest negative departure of any sta-
tion, and the smallest num%er of positive departures.
The curve is decidedly skew, and is also markedly dis-
The skew-
ness may be attributed to the same causes as at Groesbeck
and other stations, but the modal displacement to theleft
is probably the result of faulty geographical interpolation
in one of the steps in the original research. The data for
the eastern part of the United States were derived in the
original papers from the stations at Mount Weather, Va.
(near Washington, D. C.), and Leesburg, Ga. The record
at the Virginia station was probably adequate for the

urpose, but the length of the period upon W%ich the Lees-
uag values were based was quite short. Due West,
S. C., occupies a position approximately halfway between



Arrm, 1923.

the two mentioned above. If, on the average, the tem-
perature values had been enough higher to shift the histo-
gram several classes to the right, this station would have
stood out as one of the best. One hestitates, however,
to recommend that the values for this station be increased
upon the basis of these three months' experience. It is
wiser to withhold judgment upon the hest solution of the
problem until other evidence has been presented.

Thus far considerable attention has heen devoted to the
large residuals. But sight should not be lost of the large
number of very satisfactory and accurate calculations.
Figure 4 shows for the two levels separately and, in a
third curve, combined, the percentage of residuals of
any given value or smaller. The curves take no account
of the sign of the residual. For example, reference to
the curve for the 3,281-foot level shows that about 89 per
cent of all the computations were within 0.05 inch of the
observed value; for the higher level the percentage is
about 54, and for the two levels combined it is about 72,
When it is recalled that the isobars on the daily weather
map are drawn for intervals of 0.1 inch and that, in tele-
graphing pressures, only the even hundredths are coded,
errors of 0.05 inch will exercise but little effect upon the
map. The first two curves are based on 251 values each,
while the last is upon the combined number, or 502.

COMPARISONS OF OBSERVED AND ESTIMATED WINDS.

The difficulties %f obtaining reliable standards of com-
parison from pilot-balloon data.—It has been pointed out
that some clue as to the reliability of the free-air maps
may be adduced from the comparison of estimated wind
directions, based upon the gradient wind relations, with
winds actually ohserved by means of pilot balloons.
Here, as in the case of kite data, the comparison is not
direct, and, moreover, there are several sources of dis-
agreement that are quite impossible of elimination and
yet which may apparently, but not really, throw dis-
credit upon the usefulness of the maps for purposes of
estimating the wind direction.

In the first place, the theory of the gradient wind states
that the wind direction, except so far as it is influenced
by friction or viscosity, is perpendicular to the gradient
at the level in question. A synoptic chart gives an
instantancous picture of the pressure distribution but
gives no clue as to the true horizontal trajectory of an
air particle unless the whole barometric formation is
stationary—a condition which seldom occurs in nature.
Nevertheless, the agreement between the direction of
the observed wind at a given level and the trend of the
isobars at the same level is usually sufficiently close to

ermit of a satisfactory determination of the general
drift of the air.

Thus, in these comparisons, the estimate of wind
direction was based entirely on the above-mentioned
assumptions, and it is to be supposed, therefore, that, in
the case of rapidly moving formations or those in which
the intensity was changing rapidly, many discrepancies
between observed and estimated winds must occur.

In addition to the complexities introduced into the
comparison by the gradient wind assumptions, there is
the further question as to the degree to which the pilot-
balloon observations themselves are representative of the
air drift at a given level. It should be remembered that

ilot-balloon flights give but momentary indications

or each level, since the balloon is constantly ascending.
Moreover, under variable or rapidly changing conditions,
two ascents separated by a short time interval maﬁr reveal
winds varying in direction by several points at the same
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level. In general, this is true especially in the case of
light winds, and on & warm summer day all manner of
vagaries, real and apparent, may be introduced into the
horizontal trajectory of the balloon by convective forces.
Again, difficulties may be encountered in attempting to
read from the altitude-direction curve the direction
corresponding to certain arbitrary levels, such as those
chosen for reduction purposes. The winds may have
been turning rapidly just at the level in question, so that
a small difference in elevation would show a quite dif-
ferent wind direction. Figure 5 shows a series of altitude-
speed and altitude-direction curves in which this is clearly
brought out.

It bas been necessary to make estimates for station
lying on the western frontier of the computations, an

lese estimates were probably in greater error tha
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Fi;. 5.—Altitude-velocity and altitude-direction curves for observations made by pilot
halloons at Broken Arrow, Okla., showing examples of rapid turning of wind direc-
t11n1r1t a} tf,-ﬁrm,i_ndlevels, and the difficulty of determining at such clevations the true
dnift of the wind.

stations lying within the network, since the proper west-
ward extension of the isobars was uncertain.

These factors all tend toward confusion in the deter-
mination of an absolute standard of accuracy in wind
direction.

How the estimates were made.—The method used in
arriving at the errors of estimation of free-air wind direc-
tion was as follows:

(1) Having completed maps for the two levels for a
given date, a form, carrying as its first column a list of
pilot-balloon stations of the Weather Bureau, the Army,
and the Navy, was entered with the estimated direction
of the wind for each station and level. This, it will be
noted, was done in every case before actual observa-
tional material had yet been received, and was, there-
fore, entirely free from bias or influence which might un-
conciously arise if observed direction arrows had been
plotted before the estimate was made.

(2) Upon completing this table for the period of a
month, it was handed to the balloon section of the Aero-
logical Division, where there were entered, for all stations
at which observations were made at the required time of
day, the direction recorded upon the observational form.
All directions, both estimated and observed, were given
on the 16-point scale. The observed wind speed was also
entered.
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(3) The classification of the errors of estimation was
then made in the following manner: Facing the direction
of the observed wind, the number of points on the 16-
point scale, either to right or left, between this direction
and that estimated was determined. For example,
suppose a west wind was observed and a northwest
wind was estimated: Facing the west, the northwest
wind would be two points to the right in error. The
observed velocity was also recorded in a class correspond-
ing to a 2-point error to the right. Thus was formed a
frequency table of 16 classes corresponding to the number
of points of difference between the observed and esti-
mated wind. The velocities also were tabulated in this
way so as to make class averages possible.

hat constitutes a correct estimate?—One is next faced
with the problem of determining what shall constitute
satisfactory agreement between the two. Owing to the
difficulty of determining in many cases what the observed
wind direction really was, it has been unanimously agreed

MONTHLY WEATHER REVIEW,

Aprir, 1923

considering errors in estimatil(lig direction, one must also
have regard to the corresponding velocity. In the two
curves at the top of figure 6 there is shown for the two
levels the average velocity of the wind, in miles per
hour, corresponging to the several classes of errors.
Owing to the very small number of large errors, it is ap-
parent at once that the mean velocities at the extremes
of the diagram would hardly be comparable with those
at the center. Hence, the velocity curves were discon-
tinued at class 4, although the points were plotted. It
18 clearly seen that greatest accuracy 1is associafed with
highest velocity of the wind. In these cases the wind
velocity was about 30 miles per hour for the correct
class, falling off to about 15 miles per hour at the points
of discontinuance of the curves.

The two curves passing through the center of the dia-
gram give the values of the square root of the number of
observations upon which the means of the velocity are
based. Since this quantity gives a measure of the rela-
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F16. 6.—Upper section: Mean wind velocity corresponding to the several classes of error in estimating free-air wind direction. Middle section: The square root of the number of

observations upon which the upper curves are based. Lower section: Curves ol

air wind directions.
among those with whom this matter was discussed to
define as correct an estimate that fell one point either side
of the observed wind on the 16-point scale. Successively,
to either side of this class, the errors were designated
as l-point, 2-point, etc., on the same scale. In this
way, the two classes of 7-point error coincide and re-
present the maximum possible error of estimation.

Error frequencies in wind direction.—In the lower part
of figure 6 are shown two curves, one corresponding to
the higher and one to the lower level. These curves
show the percentage of errors falling within different
classes, as defined above. The relatively high maxima
of these curves as well as the sharp decrease of ordinates
on either side of the correct class show at once the high
degree of accuracy of estimation.

rrors in wind direction are not serious unless the

velocity of the wind is high. Wind directions in nearly
calm conditions have no significance. Therefore, in

percentage frequency of occurrence of errors of different magnitudes in estimating free-

tive value of the means, it is seen that the more accurate
estimates are associated with more reliable mean veloci-
ties. Indeed, the ordinates of the curves at the extremes
are less than 1/25 those in the center. It is reasonable
to suppose that if enough large errors of estimation were
available to give reliable means of velocity, those means
would fall very low near the ends of the diagram.

It has been noted in this figure that the curves for
the two levels are slightly displaced, the upper curve
lying to the right of the lower. The reason for this will
not be investigated, owing to the minor practical im-
portance of the point. It is suspected that it is asso-
ciated with the effect of the eastward motion of transla-
tion of pressure systems introducing a component into
the motion of air within the system.

It is more significant that the curve representing the
accuracy of estimation at the upper level is almost
identical with that for the lower. This shows that, in



Apri, 1923,

spite of the lower degree of accuracy indicated in the
pressure computations for the upper level, compared
with those for the lower, the accuracy of estimated
wind direction at the upper level is of quite as high degree
as that at the lower. This is a highly important feature
of this diagram.
Figure 7 shows in the heavily-drawn upper curve the
Eercentage of cases in which the error was a given num-
er of points or less, the number of points being desig-
nated on the axis of abscissae. In this diagram, as in
figure 4, no distinction is made between errors to right
or left. Nor are the levels separated, for it was found
that the percentage of accuracy for the two levels was so
nearly identical in each class that the curve representing
the mean of the two is wholly adequate. It is seen that
63 per cent of the estimates were correct and that 91 per
cent were within two points of error. The two curves
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FiG. 7.—Upper curve shos the percentage of errors of estimated free-air wind direction

of given mwtudes or smaller. Lower curves give the number of observations for
the two levels upon which the upper curve is based.

in the lower part of the figure show the number of obser-
vations in the several classes as indicated on the scale of
ordinates at the right. For the lower level a total of
984 comparisons was made; for the upper level the
number was 637.

THE EFFECT OF PRESSURE ERRORS ON THE MAPS.

The exposure lof thermometers and its effect upon the
© free-air maps.—One of the important points made in
previous papers on this subject concerned the inconse-

uential effect upon the horizontal pressure gradient in
the free air of temperature errors, provided errors of
similar magnitude were made at adjacent stations.
This argument is intrinsically sound. evertheless, it
has been found that the influence most active in pre-
venting similar errors at adjacent stations is not the
factor applied to the surface temperature to obtain the
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mean temperature of the air column, but the surface
temperature itself, owing to the non-uniform exposure
of thermometers. Thus, on mornings following still, clear
nights, or at the times of a cold wave, the thermometers
at city stations roundabout aerological stations may
register several degrees higher than the latter. Under
such conditions, the resulting reductions are more nearly
correct at city stations than at kite stations, and irregu-
Iarities in the isobars occur in the vicinity of the aero-
logical stations.

An interesting demonstration of this difference in
current temperatures between near-by stations when the
thermometers are differently exposed is to be found be-
tween Drexel and Omaha, Nebr.; and hetween Groesbeck
and Palestine, Tex. Records for the month of January,
1923, only have been examined, but they show clearly
what a more exhaustive investigation probably would
disclose to a nicety, namely, that there is an approxi-
mately linear inverse relation hetween the velocity of
the wind at the aerological station and the current
temperature ddifference between the two stations. In
other words, high wind velocity is associated with small
difference of temperature (because of turbulence) and
conversely. No variation with wind direction was so
apparent. Therefore, when the kite station values are
in harmony with those of surrounding stations, it is
found that there is higher wind velocity and less differ-
ence between the current surface temperatures. Thus,
at times of largest errors, the city exposures are better
for the purpuse than are those at aerological stations.

At the outset, it may seem pamdoxicni that the aero-
logical stations from which the original data for the
investigation were derived should be found less suitable
than city stations. But the reason is apparent, namely,
that the city station temperatures on these particular
occasions are in better agreement with average condi-
tions at aerological stations than are the temperatures
at aerological stations themselves. Moreover, if all the
stations where these free-air reductions are made were
aerological stations, the map would probably not be so
seriougiy affected. But since they are not, it is neces-
sary for the minority to yield.

How may the situation be remedied?—The following
schemes suggest themselves in consideration of means
to prevent the occurrence of large residuals when com-
parisons are made with observed pressures, and also
to produce more accurate maps:

(11) ) To correct the aerological station temperature
tables by amounts which would bring them into accord
with surrounding stations; or,

(2) To eliminate the aerological stations from the net-
work, using only regular Weather Bureau stations.

There is hardly justification for the first plan in such
tests as this, based upon a single season of comparisons.
Next winter may be singularly free from such inversions
as were productive of 1a1'%e negative errors during the
present season. The significant point is that, in general,
the temperature differences between city and country
exposures were small except when large pressure discrep-
ancies occurred at the free-air levels. Therefore, it seems
that the second suggestion, i. e., the elimination of aero-
logical stations from the network, would yield the more
satisfactory maps.

The effect of occasional large errors on the map.—Grant-
ing occasional large computational errors, what will be
the effect on the map? This question is not raised to
condone the errors, for the effort and desire are for the
elimination of error so far as possible, but to examine
qualitatively the results of the comparisons.
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A scrutiny of the various dates when comparisons of
pressure were made indicates that December 22, 1922,
was the occasion when several of the largest errors of
which we have knowledge occurred simultaneously at the
aerological stations. A map of this date must be a fair
example of just how seriously the isobaric distribution
is affected. Figure 8 shows for sea-level, and for the
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In other words, the data submitted on post cards from
city stations have been used in each of the maps; but the
aerological stations have been varied, using first the com-
puted pressure; second, no values at all; and, third, the
observed values. _

In maﬁ A there is a questionable-looking southward
loop of the isobar about Royal Center, Ind. In map B

DECEMBER 22, 1922.

i, T S

30.2
Sea-level

6562-Foot (2km) level

8 a.m., 75th Meridian Time.

F16. 8.—Sealevel and 6,562-foot-lavel maps for December 22, 1922, 8 a. m., 75th meridian time. For differcnces in drawing maps A, B3, and C, see discussion in text.

6,562-foot level (maps A, B, and C) the barometric charts
for the date in question. Map A is drawn from the com-
lete list of stations as reported by post card. Map B is
vased upon the regular Weather Bureau stations only,
aerological stations being eliminated. Map C results
from using the pressures measured by kites, together with
those computed at regular Weather Bureau stations.

the loop is eliminated, and practically no change results
elsewhere. In map C the pressure at Broken Arrow,
Okla., and Groesbeck, Tex., are increased so as to pro-
duce a northward projection of high pressure from the
Gulf region. The Royal Center loop is not apparent.
In general, these maps do not disagree as to the major
features. In limited regions, such as central Texas, it is
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clear that ynder such conditions the wind estimate from
either map A or B would be somewhat in error, assuming
the gradient-wind conditions obtained. Nevertheless,
when we consider that the difference between the sea-
level map and those for the upper level is so striking, and
that the differences between individuals A, B, and C are
so small, there is little doubt that the important and sig-
nificant features of the true isobaric distribution at the
upper level are depicted. The anomalous loops, such as
tlx:at about Royal Center, Ind., on map A, when based on
a single station, are easily recognized as erroneous and
allowance can be made. But this should not be neces-
sa‘;ly, and it is contended that if the type of map exem-
plified by map B were used—that is, if the aerological
stations were not used but near-by regular stations sub-
stituted, so far as possible—the resulting maps would be
highly accurate and dependable so far as free-air baro-
metric gradients are concerned. This procedure is sug-
gested 1n further activities of this character.

CONCLUSION.

An effort has been made in this paper to set forth
clearly and impartially the results of a statistical exam-
ination of a three months’ series of free-air pressure maps.
It was first shown that a very large percentage of com-
parisons hetween observed and computed pressures lay
within small error limits, better results being obtained
at the 3,281-foot than at the 6,562-foot level. With
all the uncertainties of the gradient-wind assumptions
and the short-period vagaries of the observed wind, an
extremely high percentage of agreement (practically the
same at both levels) was found between the wind esti-
mated from the isobaric charts of the free air, and that
observed by pilot balloons. The average velocity of the
wind falls off appreciably with the larger errors of esti-
mated wind direction, so that, usually, when a-serious
error of estimation is made, the veloaity of the wind is
so small as to render the wind direction inconsequential.
This is especially significant in estimating winds for
aircraft. Bn the poorest day available the difference
‘between maps drawn with and without the aerological
stations and also with the observed pressures at aerolog-
ical stations was so small that little~differing conclu-
sions might be drawn from each.

It was stated in the beginning that if the maps ecould
be proved to be accurate their scientific value would
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stand unchallenged. If this discussion of the accuracy
of the maps has %een convincing, it will be seen that there
is here provided a means of knowing, quite independently
of current aerological observation, the current wind
conditions in the free air over large areas of the country,
whether the weather be clear or cloudy. At present,
the pilot-balloon stations telegraph the free-air winds as
soon as possible for the use of the forecaster. Often such
observations are impossible because of cloudiness, rain,
snow, or fog. 'When used in conjunction with the aero-
logical reports, these charts should constitute a most
vsﬁluable means of weaving the various reports into a
continuous pressure system, a speculative and uncertain
matter at present. The advantage of such maps for
aviation is obvious.

It would be quite impossible, even if it were within
the scope of this paper to discuss the point, to indicate
the precise manner in which these charts should be
utilized in general forecasting. That must be deter-
mined by actual trial; and by actual trial is meant day-
to-day telegraphing of free-air pressures in order that
they may be available to the forecaster for comparison
with other data while the current weather situation is
fresh in mind. It is common knowledge that the growth
of aviation implies increasing demands upon the Weather
Bureau. Is it not essential, therefore, that every means
be employed to acquire experience and familiarity with
actual physical processes in the free air, while the science
of aeronautical meteorology is yet in 1ts infancy? The
day will come when this knowledge will be required, and
since it can only be acquired by experience it is the
exercise of foresight to make a practical trial of the maps.
This trial should continue for at least a year, and, during
that time, all possible constructive criticism should be
brought to bear upon the maps.
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investigated, but only upon application, and so lon% as the bureaus’
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The phenomenon of the stratification of the air tem-
perature over valleys and the inclosing slopes was brought
to the attention of scientific men of the United States

1Cox, H. J.: Thermal belts and fruit growing in North Carolina: with an appendix:
Thermal belts from the horticultural viewpoint, by W. N. Hutt, former State horti-
culturist, MONTHLY WEATHER REVIEW SUPPLEMENT No. 19.

by Silas McDowell, of Franklin, Macon County, N. C.,
more than 60 years ago. McDowell was a farmer with
leanings toward botany and geology, who spent his
entire life in the mountain region of western North
Carolina. His first published account of thermal belts
or verdant zones, as he called them, appeared in the report
of the Commissioner of Patents for 1861, and the sub-
stance of that report was later presented to the Philo-
sophical Society of Washington (D. C.), by Dr. J. J.
Chickering. The late Prof. John LeConte, of Berkeley,
Calif., writing in Secience,? confirmed McDowell’s obser-
vations and added the statement that the ground in the
thermal belts freezes in winter, a fact that might not be
inferred from McDowell’s description.

The explanation of the ghenomena offered by McDowell
would hardly be accepted at this time, but nevertheless

21883, vol. 1, p. 278,



